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Abstract
Objective—To compare rates of hospitalization before and after adult-to-adult living donor liver
transplant (LDLT) and deceased donor liver transplant (DDLT).
Summary background data—LDLT recipients have been reported to have lower mortality but
a higher complication rate than DDLT recipients. The higher complication rate may be associated
with greater consumption of inpatient hospital resources and a higher burden of disease for LDLT
recipients.
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Methods—Data from the 9-center Adult-to-Adult Living Donor Liver Transplantation (A2ALL)
retrospective cohort study were analyzed to determine pre-transplant, transplant, and post-
transplant hospitalizations among LDLT candidates (potential living donor was evaluated) who
received LDLT or DDLT. Hospital days and admission rates for LDLT and DDLT patients were
calculated per patient-year at risk, starting from the date of initial potential donor history and
physical examination. Rates were compared using overdispersed Poisson regression models.
Results—Among 806 candidates, 384 received LDLT and 215 received DDLT. In addition to
the 599 transplants, there were 1913 recipient hospitalizations (485 pre-transplant; 1428 post-
transplant). Mean DDLT recipient pre-transplant, transplant, and post-transplant lengths of stay
were 5.8±6.3, 27.0±32.6, and 9.0±14.1 days, respectively, and for LDLT were 4.1±3.7, 21.4±24.3,
and 7.8±11.4 days, respectively. Compared to DDLT, LDLT recipients had significantly lower
adjusted pre-transplant hospital day and admission rates, but significantly higher post-transplant
rates. Significantly higher LDLT admission rates were observed for biliary tract morbidity
throughout the second post-transplant year. Overall hospitalization rates starting from the point of
potential donor evaluation were significantly higher for eventual recipients of LDLT.
Conclusions—LDLT recipients, despite lower acuity of disease, have higher hospitalization
requirements when compared to DDLT recipients. Continuing efforts are warranted to reduce the
incidence of complications requiring post-LDLT inpatient admission, with particular emphasis on
biliary tract issues.
INTRODUCTION
Liver transplantation is performed for otherwise irremediable end-stage liver disease. Not
surprisingly, candidates with complications of advanced liver disease utilize substantial
inpatient hospital resources both before and after liver transplantation (1). Measures of the
burden of disease borne by these patients are important adjuncts to mortality metrics and
post-transplant graft survival statistics.
In the specific case of patients who pursue living donor liver transplantation (LDLT), little
attention has been directed to hospitalization rates, particularly in relation to comparable
patients who do not receive an LDLT, but may subsequently receive a deceased donor liver
transplant (DDLT). Among liver transplant candidates who pursue the LDLT option,
defined as having a potential living donor come forward for evaluation, only about one-half
eventually receive LDLT, while the remaining half is about evenly divided between those
who receive DDLT and those who never receive a transplant at all (2). In this study, we
studied hospital admission rates and rates of inpatient hospital days in a well-characterized
observational cohort of patients with chronic liver disease from the Adult-to-Adult Living
Donor Liver Transplantation Cohort Study (A2ALL).
METHODS
Data Sources
Candidate and donor data were provided by the nine participating A2ALL transplant centers
based on a common protocol. The A2ALL retrospective observational cohort study included
806 patients with chronic liver disease who had at least one potential living donor evaluated
between 1/1/98 and 2/28/03. SRTR data were used under a data use agreement to
supplement A2ALL data for death date, transplant dates, donor type, cold ischemia time,
height, weight, and Model for End-stage Liver Disease (MELD). Patient entry occurred at
the date that each potential LDLT candidate’s first potential living donor presented for their
initial donor history and physical examination.
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There were 2543 hospitalizations recorded for these patients during the study period. Pairs
of adjacent hospitalizations (admit date same as previous discharge date) in which the first
hospitalization ended in a transfer were combined (n=27 pairs), two hospitalizations that
overlapped other hospitalizations and were longer than 365 days were excluded, and two
whose dates of admission and discharge were entirely nested were excluded, leaving 2512
hospitalizations available for analysis.
Statistical Methods
Patients were classified as having received a DDLT, LDLT or no transplant during the
study. Domino transplants (n=2) and split liver transplants (n=10) were counted as DDLTs.
Procedures aborted due to recipient reasons (n=6) were counted as transplants. LDLT
recipients were further classified as having received an LDLT when the center was “more
experienced” (center case numbers 21 and above) or “less experienced” (center case
numbers 1–20). Hospitalizations following transplantation were classified as being due to
biliary or non-biliary reasons based on the discharge diagnosis.
Days at Risk, Hospital Admissions, and Hospital Days
Patients were followed from donor evaluation until death or last follow-up. Each day of
follow-up was classified as being during one of four time periods: pre-transplant, first year
post-transplant, second year post-transplant, third year post-transplant and beyond. For
patients who did not receive a transplant, all time was classified as pre-transplant. For
patients who did receive a transplant, the pre-transplant period was defined to end 2 days
before the transplant. This 2-day period encompassed the most scheduled admission days
immediately prior to elective LDLT. The two days before transplant were not included in
any group. The first year post-transplant period began on the day of transplant, and ended
365 days after transplant. Each day in the hospital was also classified in the same way.
Admissions were classified based on admit date in a similar fashion, with the following two
exceptions. Hospitalizations spanning the donor evaluation date were counted as admissions
in the period corresponding to the donor evaluation date. Any admission that included the
transplant date was classified as a first year post-transplant admission. If this admission
started more than 2 days before the day of the transplant, the admission was also counted as
a pre-transplant admission.
The total number of days in the hospital, number of hospital admissions, and days at risk
were calculated for each time period and patient. Days and admissions were further
subdivided into biliary and non-biliary days and admissions. Days were also separately
subdivided into intensive care unit (ICU) and non-ICU days.
Both the admission and discharge dates were counted as a day in the hospital. Only those
days between the first donor evaluation and end of follow-up were included in the counts of
days. Days in the ICU were assumed to be distributed evenly across the hospitalization
period since the specific dates of ICU care within hospitalizations were not captured.
Rates of Hospital Admission and Hospital Days
Overdispersed Poisson regression models were used to calculate adjusted rates of admission
and rates of hospital days per patient-year at risk. Models were fit for all patients to calculate
rates of hospital admission and hospitalization days for the entire period from donor
evaluation to end of follow-up, with a covariate for whether the patient eventually received
an LDLT or not. Models were adjusted for recipient age, MELD, and hepatocellular
carcinoma (HCC) at enrollment for all periods. Results are presented as rates and 95%
confidence intervals (95% CI).
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Separate models restricted to patients who eventually received a transplant were fit
predicting hospital admission rates and hospitalization days rates for each transplant type
(DDLT, LDLT) and time period (pre-transplant, first year post-transplant, second year post-
transplant, third year post-transplant and beyond). Similar models restricted to patients who
eventually received a transplant were fit, further dividing the LDLT group into LDLT when
the center was less experienced and LDLT when the center was more experienced. These
models were also adjusted for recipient age, MELD, and diagnosis of HCC at enrollment for
pre-transplant periods and recipient age, MELD, and HCC at transplant for post-transplant
periods.
Similar models restricted to patients who eventually received a transplant were fit predicting
biliary admissions and biliary days for each transplant type and time period.
Model estimates presented graphically represent a modal patient at the covariate means for
the following characteristics: recipient age (50 years), MELD score (16), and HCC diagnosis
probability (16%).
All analyses were carried out using SAS 9.1 software (SAS Publishing, Cary, NC: SAS
Institute Inc., 2004).
Human Subjects Protection
The study was approved by the Institutional Review Boards and Privacy Boards of the
University of Michigan Data Coordinating Center and each of the nine participating
transplant centers.
RESULTS
Among 806 candidates, 384 received LDLT, 215 received DDLT, and 207 received no
transplant by end of study. The median time to any transplant among the 599 recipients was
64 days (LDLT: 55; DDLT: 113) with a range of 3 days to 4.2 years. Median post-transplant
follow-up time was 898 days with a range of 1 day to 8.4 years. Characteristics of study
subjects at enrollment (date of potential living donor history and physical) and/or at
transplant, as appropriate, are shown in Table 1. Subjects in the LDLT, DDLT, and no
transplant groups were generally similar. There were some statistically significant
differences between eventual LDLT recipients when compared to DDLT and/or non-
transplanted subjects. However, in many cases these differences were not clinically
important. Of note, compared to LDLT recipients, DDLT recipients had significantly higher
MELD scores at enrollment (17.4±6.9 vs. 14.9±6.4; P<0.0001) and at transplant (20.9±9.4
vs. 15.2±6.3; P<0.0001). A significantly higher proportion of DDLT recipients were
hospitalized or in the ICU at the time of transplant (39.5% vs. 12.7%; P<0.0001).
Significantly higher proportions of DDLT recipients had ascites, encephalopathy, or variceal
hemorrhage at transplant, were receiving dialysis or were on a ventilator at the time of
transplant, and had had prior transjugular intrahepatic portosystemic shunt (Table 1).
In addition to the 599 transplant hospitalizations, there were 485 pre-transplant admissions
(251 among eventual LDLT or DDLT recipients and 234 among subjects who were never
transplanted) and 1428 post-transplant recipient hospitalizations (Table 2). Mean unadjusted
pre-transplant, transplant, and post-transplant lengths of stay for DDLT recipients were
5.8±6.3, 27.0±32.6, and 9.0±14.1 days, respectively (Table 2). The corresponding
unadjusted length of stay for LDLT recipients were 4.1±3.7, 21.4±24.3, and 7.8±11.4 days,
respectively. Mean length of stay for patients who did not receive a transplant was 8.8±10.3
days.
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Unadjusted statistics regarding the transplant hospitalization, including days spent in the
hospital leading up to the transplant, days from transplant to discharge, and total days spent
in the ICU are shown in Table 3. DDLT recipients were hospitalized for more than twice as
many days leading to the transplant when compared to LDLT recipients. The total number
of days in the ICU during the transplant hospitalization was similar for LDLT and DDLT
recipients. The mean number of days from transplant to discharge and the total number of
ICU days during the transplant hospitalization were lower once centers had more experience
(>20 LDLT). There was substantial variation in the median number of days from transplant
to discharge. Interestingly, differences among centers tended to be consistent across
transplant type (Figure 1).
Pre-transplant and post-transplant hospital admission rates per patient-year at risk were also
lower after each center reached 20 LDLT cases compared to earlier LDLT cases, but were
higher than DDLT rates in both cases (Table 4). The rates of hospital days per patient-year
at risk were higher in the pre-transplant phase for DDLT recipients when compared to
LDLT recipients, but were lower in the second post-transplant year and beyond, even when
compared to LDLT when centers were more experienced.
Because LDLT and DDLT recipients differed with respect to demographic and disease
severity characteristics, hospital admission and hospital days rates were also calculated
adjusted to the average values across all recipients for age, MELD score, and HCC status at
enrollment (Figure 2). Even after adjustment, DDLT recipients had significantly more
hospital utilization before transplant and significantly less hospital utilization in the first
year post-transplant. Compared to DDLT, recipients of LDLT performed when centers were
less experienced had higher post-transplant admission rates and days hospitalized per patient
year and these differences were all statistically significant with the exception of hospital
days in the second post-transplant year (Figure 2). In contrast, by the second post-transplant
year and beyond, hospital admission rates and the number of days hospitalized per patient
year at risk for recipients of LDLT performed when centers were more experienced were
similar to those of DDLT recipients.
Hospitalizations related to biliary complications after liver transplantation were common.
Among LDLT and DDLT recipients, there were 235 and 52 post-transplant hospitalizations
for biliary complications, respectively. The adjusted rates of hospital admission for biliary
tract-related discharge diagnoses during the first two post-transplant years were significantly
higher for LDLT recipients, regardless of center experience level (Table 5). By the third
post-transplant year, biliary hospitalization rates among recipients of LDLT done after
centers had performed more than 20 LDLT cases were similar to those after DDLT. In the
first post-transplant year, the adjusted rates of hospital days were significantly higher for
LDLT recipients, regardless of center experience, compared to DDLT recipients. Compared
to DDLT recipients, LDLT recipients (regardless of center experience) also had higher
adjusted rates of hospital days at later time points. These differences were not consistently
statistically significant.
When compared to DDLT recipients, the adjusted rate of non-biliary admissions in the first
post-transplant year was approximately 50% higher among LDLT recipients whose
transplants were performed when centers had less LDLT experience (3.17±0.17 vs.
2.30±0.13 hospitalizations per patient-year at risk; P<0.0001). Once centers had more LDLT
experience, the adjusted first-year hospitalization rate was similar to that observed for
DDLT recipients (2.46±0.13 vs. 2.30±0.13; P=0.38). Non-biliary hospitalization rates after
the first post-transplant year were not significantly different among the groups of recipients.
An identical pattern was observed for the adjusted rates of non-biliary hospital days per
patient-year at risk (data not shown).
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In order to evaluate overall hospital utilization associated with pursuit of an LDLT, we fitted
overdispersed Poisson regression models to determine factors significantly predictive of
hospitalizations (pre-transplant and post-transplant) and of days hospitalized during the
entire period of risk starting at study enrollment (when a potential living donor had a history
and physical exam), and including all potential recipients regardless of whether they
eventually received a transplant. Receipt of an LDLT, whether done when centers were less
experienced or more experienced, was associated with a 27% higher overall hospital
admission rate (P<0.005) than receipt of a DDLT or of no transplant (Table 6). The risk of
being in the hospital on any given day was 18% and 21% higher for recipients of LDLT
done when centers had less and more experience, respectively (p=0.10 and p=0.07,
respectively) when compared to DDLT recipients and those who received no transplant.
DISCUSSION
Although mortality experience after LDLT for selected patients has been shown to be
superior to that of candidates who continue to wait for DDLT (2), hospitalization rates for
recipients of LDLT have not been comprehensively examined. In a major recent evaluation
of resource utilization after liver transplantation using the National Inpatient Sample,
Scarborough et al. reported declining transplant hospitalization length of stay after DDLT in
recent years, but mentioned the dearth of information on subsequent inpatient hospital
utilization (3). Moreover, while there has been one report comparing pre-transplant and
post-transplant hospitalization rates in DDLT (1), relationships between LDLT and
hospitalization rates compared to DDLT or comparing pre- and post-transplant rates among
LDLT recipients have not been studied.
Background hospitalization rates for cirrhotics cannot be easily compared to the liver
transplant population, since the latter are a selected subpopulation among patients with
chronic liver disease. Reporting metrics are also different. For example, in an
epidemiological study of hospitalization of cirrhotics, Noble et al. (4) and Nguyen et al. (5)
reported discharges with a diagnosis of cirrhosis per 10,000 or 100,000 population,
respectively, but did not examine the frequency of hospitalization (admission rates by
subject) or the magnitude of health care resources as assessed by days of hospitalization per
patient-year at risk. In a Danish study, Jepsen et al. reported that, in 2005, alcoholic cirrhotic
men were hospitalized 1.5 times per patient per year and alcoholic cirrhotic women were
hospitalized 1.2 times per patient year (6).
With respect to the transplant hospitalization itself, Brown et al. reported that DDLT
recipients were hospitalized for 16 days in the absence of complications and 45 days if
complications ensued (7). In the current study, recipients were hospitalized approximately
20 days after the transplant procedure, and there was not much difference between LDLT
and DDLT. This is somewhat surprising, since DDLT recipients had more advanced disease
than LDLT recipients at the time of transplant as measured by MELD score,
encephalopathy, ascites, variceal hemorrhage, requirement for TIPS, and the need for
dialysis or mechanical ventilation at the time of transplant, and were hospitalized for a
greater number of days immediately in advance of the transplant procedure itself (5.8 vs.
1.5). There were notable differences among the nine A2ALL centers with respect to the
number of days from transplant to discharge, although the relative differences among centers
were fairly consistent across DDLT, LDLT during the period of less center experience, and
LDLT during the period of more center experience.
Comparisons of the effect of liver transplantation on the need for hospitalization before and
after the procedure help to define its role in reducing the overall burden of disease in
patients with cirrhosis. An analysis of 215 DDLT recipients by Schaubel et al. used the
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Pennsylvania Health Care Cost Containment Council database and found 4.2 to 12.6 pre-
transplant hospitalizations per patient-year, depending on MELD category (1). In the MELD
range comparable to subjects in the current study, the rates were between 4 and 6 per
patient-year. These rates, which are higher than the pre-transplant hospitalization rates we
report for patients who eventually received DDLT (2.2 per patient-year), likely reflect the
higher disease acuity of the general pool of DDLT recipients, most of whom are never
considered for LDLT (2). The rate of post-transplant hospitalization, for which data were
largely available only in the first post-transplant year in the study by Schaubel et al.,
averaged about 2 per patient-year, which is fairly similar to that seen in the current study
among DDLT recipients, but lower than that observed after LDLT.
We observed that LDLT recipients had significantly higher adjusted post-transplant
hospitalization rates and days in the hospital when compared to DDLT recipients during the
first post-transplant year. By the second year, hospital admission rates for DDLT and LDLT
recipients were comparable among those transplants done after the center was more
experienced (center LDLT case number >20). However, the number of days hospitalized per
patient-year at risk remained significantly higher for LDLT recipients even at experienced
centers. This suggests that after centers gain experience with the LDLT procedure, there are
fewer late hospitalizations but those that occur are of longer duration. Thus, in addition to
the demonstrations of a beneficial effect of center experience on mortality and recipient
complications that have been previously described in the A2ALL cohort (8, 9), and a recent
study that showed the effect on mortality to be generalizable to LDLT transplants done
across the U.S. (10), this is the first demonstration of a learning curve effect on both pre-
and post-transplant hospitalization in LDLT recipients.
Biliary tract morbidity remains a major unresolved issue in the practice of LDLT throughout
the world (9, 11–20). For this reason, we focused on post-transplant hospitalization
requirements related to biliary complications. In contrast to the overall reduction in inpatient
hospital service utilization that accompanied greater LDLT experience and that observed for
the subset of non-biliary admissions, rates of both hospital admission and days hospitalized
remained significantly higher for LDLT recipients through follow-up periods exceeding
three years, and only declined to rates similar to that seen after DDLT in the third post-
transplant year among LDLT done after centers had performed more than 20 LDLT cases.
Clearly, long-term biliary tract complications after LDLT deserve more careful scrutiny,
with a view toward reducing their incidence and improving management.
Separate analyses of pre-transplant and post-transplant hospitalization rates are helpful in
evaluating the resource demands of liver transplantation and can provide valuable insight for
prospective transplant candidates. However, as our analyses demonstrated, LDLT recipients
had significantly less hospitalization prior to transplant and significantly more
hospitalization afterward. Thus, from the perspective of a patient considering LDLT, an
integrated view of the need for and magnitude of hospitalization services from that starting
point is very useful. Poisson regression models that incorporated all hospital admission
experience starting at the time of potential donor history and physical examination,
regardless of whether or which type of transplant was eventually performed, allowed us to
demonstrate clearly that LDLT recipients had more than 25% higher overall odds of hospital
admission and were 20% more likely to be hospitalized on any given day, when compared to
patients who either received a later DDLT or did not end up with a transplant at all.
Importantly, more LDLT experience at the transplant center did not ameliorate these excess
overall hospitalization utilization rates.
In conclusion, LDLT is associated with significantly reduced mortality when offered to
patients with chronic liver disease, but is accompanied by a markedly higher need for
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inpatient hospitalization. Biliary morbidity after LDLT remains a major driver of higher
hospitalization utilization in this patient population.
Acknowledgments
This study was supported by National Institute of Diabetes & Digestive & Kidney Diseases through cooperative
agreements (listed below). Additional support was provided by Health Resources and Services Administration
(HRSA), and the American Society of Transplant Surgeons (ASTS).
The following individuals were instrumental in the planning, conduct and/or care of patients enrolled in this study
at each of the participating institutions as follows:
Columbia University Health Sciences, New York, NY (DK62483): PI: Jean C. Emond, MD; Co-PI: Robert S.
Brown, Jr., MD, MPH; Study Coordinators: Rudina Odeh-Ramadan, PharmD; Scott Heese, BA
Northwestern University, Chicago, IL (DK62467): PI: Michael M.I. Abecassis, MD, MBA; Co-PI: Laura M. Kulik,
MD; Study Coordinator: Patrice Al-Saden, RN, CCRC
University of Pennsylvania Health System, Philadelphia, PA (DK62494): PI: Abraham Shaked, MD, PhD; Co-PI:
Kim M. Olthoff, MD; Study Coordinators: Brian Conboy, PA, MBA; Mary Shaw, RN, BBA
University of Colorado Health Sciences Center, Denver, CO (DK62536): PI: Gregory T. Everson, MD; Co-PI: Igal
Kam, MD; Study Coordinators: Carlos Garcia, BS, Anastasia Krajec, RN.
University of California Los Angeles, Los Angeles, CA (DK62496): PI: Johnny C. Hong, MD; Co-PI: Ronald W.
Busuttil, MD, PhD; Study Coordinator: Janet Mooney, RN, BSN
University of California San Francisco, San Francisco, CA (DK62444): PI: Chris E. Freise, MD, FACS; Co-PI:
Norah A. Terrault, MD; Study Coordinator: Dulce MacLeod, RN; Vivian Tan, MD
University of Michigan Medical Center, Ann Arbor, MI (DK62498): PI: Robert M. Merion, MD; DCC Staff: Anna
S.F. Lok, MD; Akinlolu O. Ojo, MD, PhD; Brenda W. Gillespie, PhD; Margaret Hill-Callahan, BS, LSW; Terese
Howell, BS; Lan Tong, MS; Tempie H. Shearon, MS; Karen A. Wisniewski, MPH; Monique Lowe, BS; Abby
Smith
University of North Carolina, Chapel Hill, NC (DK62505): PI: Paul H. Hayashi, MD, MPH; Study Coordinator:
Tracy Russell, MA
University of Virginia (DK62484): PI: Carl L. Berg, MD; Co-PI: Timothy L. Pruett, MD; Study Coordinator: Jaye
Davis, RN
Medical College of Virginia Hospitals, Virginia Commonwealth University, Richmond, VA (DK62531): PI: Robert
A. Fisher, MD, FACS; Co-PI: Mitchell L. Shiffman, MD; Study Coordinators: Andrea Lassiter, Transplant data
analyst; April Ashworth, RN
National Institute of Diabetes and Digestive and Kidney Diseases, Division of Digestive Diseases and Nutrition,
Bethesda, MD: James E. Everhart, MD, MPH; Leonard B. Seeff, MD; Patricia R. Robuck, PhD; Jay H. Hoofnagle,
MD
Supplemental data included here have been supplied by the Arbor Research Collaborative for Health as the
contractor for the Scientific Registry of Transplant Recipients (SRTR). The interpretation and reporting of these
data are the responsibility of the author(s) and in no way should be seen as an official policy of or interpretation by
the SRTR or the U.S. Government.
References
1. Schaubel DE, Wei G, Dykstra DM, Port FK, Merion RM. Hospitalization patterns before and after
liver transplantation. Transplantation. 2007; 84(12):1590–1594. [PubMed: 18165769]
2. Berg CL, Gillespie BW, Merion RM, et al. Improvement in survival associated with adult-to-adult
living donor liver transplantation. Gastroenterology. 2007; 133(6):1806–1813. [PubMed: 18054553]
Merion et al. Page 8













3. Scarborough JE, Pietrobon R, Marroquin CE, et al. Temporal trends in early clinical outcomes and
health care resource utilization for liver transplantation in the United States. J Gastrointest Surg.
2007; 11(1):82–88. [PubMed: 17390192]
4. Noble JA, Caces MF, Steffens RA, Stinson FS. Cirrhosis hospitalization and mortality trends, 1970–
87. Public Health Rep. 1993; 108(2):192–197. [PubMed: 8464975]
5. Nguyen GC, Segev DL, Thuluvath PJ. Nationwide increase in hospitalizations and hepatitis C
among inpatients with cirrhosis and sequelae of portal hypertension. Clin Gastroenterol Hepatol.
2007; 5(9):1092–1099. [PubMed: 17625983]
6. Jepsen P, Vilstrup H, Sorensen HT. Alcoholic cirrhosis in Denmark - population-based incidence,
prevalence, and hospitalization rates between 1988 and 2005: a descriptive cohort study. BMC
gastroenterology. 2008; 8:3. [PubMed: 18261240]
7. Brown RS Jr, Ascher NL, Lake JR, et al. The impact of surgical complications after liver
transplantation on resource utilization. Arch Surg. 1997; 132(10):1098–1103. [PubMed: 9336508]
8. Olthoff KM, Merion RM, Ghobrial RM, et al. Outcomes of 385 Adult-to-Adult Living Donor Liver
Transplant Recipients: A Report From the A2ALL Consortium. Ann Surg. 2005; 242(3):314–325.
[PubMed: 16135918]
9. Freise CE, Gillespie BW, Koffron AJ, et al. Recipient morbidity after living and deceased donor
liver transplantation: findings from the A2ALL Retrospective Cohort Study. Am J Transplant. 2008;
8(12):2569–2579. [PubMed: 18976306]
10. Olthoff K, Abecassis M, Emond J, et al. Comparison of A2ALL and national experience with
adult-to-adult living donor liver transplantation (AALDLT) outcomes: analysis of center
experience and mortality risk factors. Am J Transplant. 2008; 8(Suppl 2):224.
11. Kawachi S, Shimazu M, Wakabayashi G, et al. Biliary complications in adult living donor liver
transplantation with duct-to-duct hepaticocholedochostomy or Roux-en-Y hepaticojejunostomy
biliary reconstruction. Surgery. 2002; 132(1):48–56. [PubMed: 12110795]
12. Cronin DC 2nd, Alonso EM, Piper JB, et al. Biliary complications in living donor liver
transplantation. Transplantation Proceedings. 1997; 29(1–2):419–420. [PubMed: 9123062]
13. Verdonk RC, Buis CI, Porte RJ, Haagsma EB. Biliary complications after liver transplantation: a
review. Scandinavian journal of gastroenterology. 2006; (243):89–101.
14. Fan ST, Lo CM, Liu CL, Tso WK, Wong J. Biliary reconstruction and complications of right lobe
live donor liver transplantation. Ann Surg. 2002; 236(5):676–683. [PubMed: 12409675]
15. Malago M, Testa G, Hertl M, et al. Biliary reconstruction following right adult living donor liver
transplantation end-to-end or end-to-side duct-to-duct anastomosis. Langenbeck’s archives of
surgery / Deutsche Gesellschaft fur Chirurgie. 2002; 387(1):37–44. [PubMed: 11981683]
16. Shah SA, Grant DR, McGilvray ID, et al. Biliary strictures in 130 consecutive right lobe living
donor liver transplant recipients: results of a Western center. Am J Transplant. 2007; 7(1):161–
167. [PubMed: 17227565]
17. Yeh BM, Coakley FV, Westphalen AC, et al. Predicting biliary complications in right lobe liver
transplant recipients according to distance between donor’s bile duct and corresponding hepatic
artery. Radiology. 2007; 242(1):144–151. [PubMed: 17185665]
18. Park JB, Kwon CH, Choi GS, et al. Prolonged cold ischemic time is a risk factor for biliary
strictures in duct-to-duct biliary reconstruction in living donor liver transplantation.
Transplantation. 2008; 86(11):1536–1542. [PubMed: 19077886]
19. Lacaille F, Sommacale D, Emond S, et al. Results of living-related liver transplantation and biliary
complications in Paris. Transplant Proc. 2003; 35(3):961. [PubMed: 12947820]
20. Settmacher U, Steinmuller TH, Schmidt SC, et al. Technique of bile duct reconstruction and
management of biliary complications in right lobe living donor liver transplantation. Clin
Transplant. 2003; 17(1):37–42. [PubMed: 12588320]
Merion et al. Page 9














Median number of days from transplant to discharge by center and transplant type. Dark
bars and dashed line represent overall median.
Merion et al. Page 10














Adjusted admission and hospital days rates by transplant type and timing of hospitalization
relative to transplant procedure.
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Table 1
Characteristics of subjects in the cohort.
Characteristic
LDLT (N=384) DDLT (N=215) No Transplant (N=207)
mean ± s.d. or % mean ± s.d. or % mean ± s.d. or %
Age 49.3 ± 10.7 50.9 ± 9.6 51.6 ± 9.3 *
Race *
 White 90.6 88.4 89.9
 Black 3.1 5.6 7.7
 Other 6.3 6.0 2.4
 Missing 0.0 0.0 0.0
Hispanic 19.3 18.6 19.8
Female 42.2 40.5 47.8
Diagnosis
 Cholestatic 18.5 18.1 19.8
 Malignancy (non-HCC) 2.3 1.4 1.9
 Metabolic 2.9 3.3 2.9
 Non cholestatic cirrhosis (non-hepatitis C) 20.8 22.3 17.4
 Hepatitis C virus cirrhosis 47.9 47.4 46.4
 HCC 15.1 15.8 6.3 *
 Alcohol related 13.5 14.9 15.0
 Other 3.4 1.9 5.3
Height 171.4 ± 10.8 171.6 ± 10.3 170.0 ± 9.3
Weight 78.6 ± 18.0 79.7 ± 18.0 81.4 ± 18.0
BMI 26.7 ± 5.2 26.9 ± 4.9 28.0 ± 5.5 *
Previous Liver Transplant 2.3 0.5 2.4
MELD at Enrollment 14.9 ± 6.4 17.4 ± 6.9 * 15.0 ± 7.2
MELD at Transplant 15.2 ± 6.3 20.9 ± 9.4 * -
Medical Condition at Transplant *
 ICU 1.8 17.2 -
 Hospitalized not in the ICU 10.9 22.3 -
 Not Hospitalized 87.2 60.5 -
 Unknown 0.0 0.0 -
Ascites prior to Enrollment 61.2 68.8 67.6
Ascites at Transplant 57.8 74.0 * -
Encephalopathy prior to Enrollment 40.6 52.1 * 57.5 *
Grade 3/4 Encephalopathy at Transplant 10.9 34.4 * -
On Dialysis at Enrollment 3.1 2.3 3.4
On Dialysis at Transplant 1.3 6.5 * -
Variceal Bleed prior to Enrollment 16.9 17.2 20.3
Variceal Bleed at Transplant 0.5 2.8 * -
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Characteristic
LDLT (N=384) DDLT (N=215) No Transplant (N=207)
mean ± s.d. or % mean ± s.d. or % mean ± s.d. or %
SBP prior to Enrollment 7.6 7.4 3.9
SBP at Transplant 3.4 6.0 -
History of TIPSS at Enrollment 8.6 14.9 * 9.7
History of TIPSS at Transplant 8.6 16.3 * -
On Ventilator at Enrollment 0.8 0.9 1.4
On Ventilator at Transplant 1.3 7.0 * -
Days from Listing to Enrollment 215.8 ± 306.0 253.5 ± 315.6 282.4 ± 387.9 *
Days from Enrollment to Transplant 85.0 ± 104.3 204.0 ± 242.1 * -
Cold Ischemia Time (min) 89.8 ± 100.7 469.0 ± 180.8 * -
*
p<0.05 vs LDLT
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Table 2
Number and duration of hospitalizations. Results are presented as mean ± s.d.
Number of Admissions by Hospitalization Type
Patient Group Pre-Transplant Transplant Post-Transplant
All 485 599 1428
LDLT 63 384 1048
 LDLT less experience 26 167 576
 LDLT more experience 37 217 472
Non LDLT 422 215 380
 DDLT 188 215 380
 No Transplant 234 - -
Average Days Per Admission by Hospitalization Type
Patient Group Pre-Transplant Transplant Post-Transplant
All 7.0 ± 8.4 23.5 ± 27.7 8.1 ± 12.1
LDLT 4.1 ± 3.7 21.4 ± 24.3 7.8 ± 11.4
 LDLT less experience 3.7 ± 2.1 23.3 ± 20.5 7.7 ± 11.1
 LDLT more experience 4.4 ± 4.4 20.0 ± 26.8 7.8 ± 11.7
Non LDLT 7.4 ± 8.9 27.0 ± 32.6 9.0 ± 14.1
 DDLT 5.8 ± 6.3 27.0 ± 32.6 9.0 ± 14.1
 No Transplant 8.8 ± 10.3 - -
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Table 3
Transplant hospitalization. Results are presented as mean ± s.d.
Patient Group N Days Before Transplant Days From Transplant to Discharge* Total Days in ICU
All 599 3.1 ± 7.7 20.4 ± 24.8 7.6 ± 17.0
LDLT 384 1.5 ± 3.7 19.9 ± 23.7 6.7 ± 16.6
 LDLT less experience 167 1.5 ± 3.3 21.8 ± 19.8 7.8 ± 13.3
 LDLT more experience 217 1.5 ± 3.9 18.5 ± 26.2 5.8 ± 18.8
DDLT 215 5.8 ± 11.5 21.2 ± 26.8 9.4 ± 17.4
Not transplanted from ICU
 LDLT 377 1.4 ± 3.5 19.8 ± 23.7 6.3 ± 16.4
 DDLT 178 3.8 ± 10.4 16.9 ± 15.6 6.1 ± 10.0
Transplanted from ICU
 LDLT 7 6.9 ± 6.6 27.0 ± 21.7 25.5 ± 17.9
 DDLT 37 15.3 ± 11.9 42.3 ± 50.1 25.0 ± 31.8
*
includes day of transplant
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Table 4
Unadjusted admission and hospital days rates (per patient-year at risk). Results are presented as mean ± s.e.
Time Period Relative to Transplant
Pre-transplant*
Post-transplant
Year 1** Year 2 Year 3+
Hospital Admission Rates
DDLT 2.2 ± 0.17 2.6 ± 0.15 0.50 ± 0.08 0.30 ± 0.06
LDLT 1.2 ± 0.15 3.2 ± 0.12 0.64 ± 0.06 0.53 ± 0.05
 LDLT less experience 1.6 ± 0.29 3.5 ± 0.19 0.72 ± 0.09 0.62 ± 0.07
 LDLT more experience 1.1 ± 0.17 2.9 ± 0.15 0.55 ± 0.08 0.35 ± 0.08
Hospital Days Rates
DDLT 17.8 ± 1.8 38.2 ± 2.1 4.3 ± 0.9 2.1 ± 0.6
LDLT 6.8 ± 1.3 38.3 ± 1.5 5.1 ± 0.6 3.3 ± 0.5
 LDLT less experience 7.7 ± 2.4 44.8 ± 2.6 5.2 ± 0.9 3.9 ± 0.7
 LDLT more experience 6.3 ± 1.6 33.5 ± 1.9 5.1 ± 0.9 2.1 ± 0.7
*
Admission rates include transplant admissions that start more than 2 days before transplant; days rates exclude 2 days before transplant.
**
Admission rates include the transplant admission; days rates include day of transplant.
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Table 5
Adjusted post-transplant biliary admission and days rates*. Rates are presented as mean ± s.e.
Year 1** Year 2 Year 3+
Adjusted Biliary Admission Rates
DDLT 0.22 ± 0.03 0.06 ± 0.02 0.02 ± 0.01
LDLT less experience 0.40 ± 0.05 0.17 ± 0.03 0.20 ± 0.03
LDLT more experience 0.46 ± 0.04 0.19 ± 0.03 0.01 ± 0.01
p-values
DDLT vs. LDLT less experience 0.0024 0.0076 <0.0001
LDLT less experience vs. LDLT more experience 0.35 0.75 0.0023
DDLT vs. LDLT more experience <0.0001 0.0034 0.55
Adjusted Biliary Days Rates
DDLT 1.53 ± 0.23 0.59 ± 0.17 0.09 ± 0.06
LDLT less experience 3.20 ± 0.37 0.75 ± 0.19 0.89 ± 0.17
LDLT more experience 3.47 ± 0.33 1.10 ± 0.22 0.13 ± 0.10
p-values
DDLT vs. LDLT less 0.0001 0.55 0.0025
LDLT less experience vs. LDLT more experience 0.59 0.23 0.0122
DDLT vs. LDLT more experience <0.0001 0.08 0.71
*
Rates adjusted to average age, MELD, and HCC at enrollment
**
Includes day of transplant













































































































































































































































































































































Ann Surg. Author manuscript; available in PMC 2011 May 6.
